Objective To compare the technical strengths and weaknesses between retrodiscal (RD) and conventional subpedicular (SP) approaches of transforaminal epidural block (TF-EPB). Method Sixty-one patients with L5 radiculopathy who planned to undergo TF-EPB were consecutively enrolled as study subjects. Subjects were randomly assigned to one of two groups. For the RD approach, the positioning of the patient and the C-arm were similar to that for lumbar discography. We compared the pattern of dye spreads, the frequency of complications during the procedures, and the eff ect of the pain block 2 weeks after the procedure between the two groups. Results For the RD group (n=24), the contrast dye diff used around the L5 and S1 nerve roots in 16 cases (67%), but it diffused around only the L5 root in 27 cases (73%) in the SP group (n=37) (p<0.05). Two weeks after the procedure, the visual analogue scale (VAS) decreased by the same amount in both groups (RD group: 3.1±1.6, SP group: 3.2±2.6). Symptoms of nerve root irritation occurred in 1 case of the RD group and in 10 cases of the SD group (p<0.05). Conclusion The RD approach was as efficient as the SP approach for temporary diagnostic relief and offered considerable advantages, such as lower nerve root irritation possible lower risk of vascular injection. Th us, it could be a useful technique when a herniated disc segment is stuck or when the foraminal stenosis is severe.
INTRODUCTION
Epidural steroid injections have been used for the treatment of lumbar radicular pain since 1952. 1 An epidural steroid injection procedure can take an interlaminar, caudal or transforaminal approach, depending on the particular spot where a needle is inserted into the epidural space. The transforaminal injection approach is preferred when compared with the other two approaches because delivery of a therapeutic injectate transforaminally at the involved nerve root maximizes steroid concentration at the site of a pathology, and it can be given in to the anterior epidural space of the symptom-associated nerve root. 2, 3 The transforaminal approach can be divided into three sub-approachessubpedicular approach, retroneural approach and retrodiscal approach-depending on where the needle is advanced. Among them, the subpedicular approach is currently the one used most frequently in clinical practice. In this approach, when an injection needle is advanced into the safe triangle under the inferior aspect of the pedicle, as described by Bogduk 4 it is positioned in the superolateral aspect of the symptom-associated
www.e-arm.org spinal cord. In this position, a drug can be injected into the anterior epidural space, or the site of inflammation between the posterior aspect of the prolapsed intervertebral disc and the anterior aspect of the dural nerve-root sleeve, and the needle passes through the superolateral edge of cervical intervertebral foramen, so there is less risk of damaging the dura mater. 1, 2 However, in several situations, it is difficult to place the needle through the safe triangle in the anterior epidural space, such as in cases of severe foraminal stenosis, epidural fibrosis, or progressive degenerative disc diseases. Furthermore, as the injection is given to the anterior epidural space across the intervertebral foramen, it may cause damage to the nerve root. Similarly, if the drug is injected into arterial blood vessels distributed around that space, it is likely to result in complications. [5] [6] [7] Jasper 8 proposed the retrodiscal approach as an alternative to the subpedicular approach, because the needle advanced into the inferior aspect of the foramen carried less risk of the injection entering the anterior radicular artery. This technique also had the advantage that the injection could be made closest to the nerve root, which is stimulated by a prolapsed intervertebral disc (Fig. 1) . However, there has been no study to date comparing the epidural blocks by the retrodiscal approach with other possible block techniques, with regards to their diff erential eff ects and advantages/disadvantages.
Th e present study attempted a comparison between the subpedicular approach and the retrodiscal approach in performing a transforaminal epidural block in patients diagnosed with L5 radiculopathy. For this purpose, we used fluoroscopy to compare the spread and location of the contrast medium and investigated temporary diagnostic pain relief and possible complications that may occur during injection.
MATERIALS AND METHODS

Subjects
The subjects of this study were selected from patients diagnosed with L5 radiculopathy upon their visit to our hospital's Department of Physical Medicine and Rehabilitation. Patients suffering from lumbago or lower extremity radiating pain were deemed to require a transforaminal epidural block because they did not respond to the conservative treatment. Th e fi nal sample of subjects consisted of patients in whom the L5 nerveroot compression, by either L5-S1 herniated disc or foraminal stenosis, was observed by 3-dimensional computerized tomography (3D CT) of the lumbosacral spine and who were diagnosed with radiculopathy on electromyography (EMG). However, we excluded patients who had received a steroid prescription or injection in the last three months from our study. We also excluded patients with a medical history of diabetes, systemic peripheral neuropathy, cerebral infarction, infl ammatory joint diseases, and/or cauda equine syndrome. 
Clinical characteristics of the subjects
This subject included a total of 61 subjects who were randomly assigned to one of two groups: a "subpedicular approach" group of 37 patients (mean age=59.4±10.1 years) and a "retrodiscal approach" group of 24 patients (mean age=57.2±12.1 years). Table 1 shows the groups' male to female ratios, painful periods, and pain locations (right or left). Th ere was no signifi cant diff erence between the two groups in the characteristics of the detected lesions on the 3D-CT scans ( Table 2 ).
Randomization
After obtaining information about their basic characteristics, the investigator randomly assigned the subjects to one of the two groups by a simple coin-toss method (simple randomization). Th us, the subjects were assigned to the retrodiscal-approach group when they received heads and to the subpedicular-approach group when they received tails.
Injection approaches
The retrodiscal approach: Each patient was placed in the prone position with a pillow under the lower abdomen and above the iliac crest to reduce lumbar lordosis. The cephalo-caudal angle of the C-arm (KMC 950, KOMED, Kyunggi, Korea) was adjusted, allowing the incident X-ray beam to be parallel to the inferior and superior end plates of the L5-S1 intervetebral disc. Th en the right and left angles of the C-arm were rotated again towards the lesion site by 40-50 degrees so that the S1 superior articular process was positioned and seen in the middle of the intervetebral disc ( Fig. 2) . At this position, a 22-gauge 5-inch spinal needle was directed to the middle of the intervetebral disc, using the lateral aspect of the S1 superior articular process. Following that, it was inserted into the skin to be parallel to the incident X-ray beam. The needle was advanced until the needle tip reached the outer wall of the disc (i.e. the annulus fibrosus). In this process, special care was taken for the needle not to penetrate the annulus fi brosus of the intervetebral disc, with particular attention given to the anteroposterior and the lateral C-arm images. Once the final position www.e-arm.org of the needle tip was determined, the investigator administered 1 cc of nonionic contrast (Omnipaque 300; GE Healthcare, Carrigtohill, Cork, Ireland to observe the spreading location and range of the contrast agent. Th en a prepared 2 cc drug solution (1.5 ml of 0.5% lidocaine + 20 mg of triamcinolone) was injected (Fig. 3) .
The subpedicular approach: In accordance with current practice, a 22G 5-inch spinal needle was inserted into the safe triangle of the lumbar spine (L5). Once the final needle-tip position was determined by the C-arm, the investigator administered 1 cc of nonionic contrast to observe the spreading location and range of the contrast agent. Th en, similar to the previous approach, the same prepared 2 cc drug solution was injected (1.5 ml of 0.5% lidocaine + 20 mg of triamcinolone) (Fig. 4) .
Assessment variables
All significant events that occurred during and after the injection were recorded. The spreading locations and ranges of the contrast agent and the feelings of discomfort upon injection were observed to compare the advantages/disadvantages of the two injection approaches. In addition, to compare the two injection approaches in terms of temporary diagnostic pain relief, the patients were assessed on the visual analogue scale (VAS) before treatment and two weeks after treatment.
Statistics
The chi-square test and the independent t-test were used to compare the clinical characteristics of the two studied groups. The results of 3D-CT scans were compared using the Fisher's exact test. This test was also used for comparison of possible complications and feelings of discomfort, which could occur in the two groups during injection. Th e independent t-test was used to compare the temporary diagnostic pain relief after the injection treatment (as measured on the VAS). Data were analyzed with a statistical significance level of p≤0.05, using the SAS Enterprise Guide 4.1 (4.1.0.471) software. The lateral radiography should also be used while advancing past the SAP to minimize the risk of the penetration, while the resistance to the needle advancement is also used as sign to stop. (C) The AP view will most often demonstrate the tip in the interpedicular line. (D) A small amount of contrast is used to confi rm epidural spread.
www.e-arm.org
RESULTS
The patient fl ow A total of 81 patients were enrolled in this study. Out of this number, seven patients dropped out according to the exclusion criteria. Simple randomization was used to assign 74 subjects to one of two study groups: As a result, the subpedicular approach and the retrodiscal approach groups included 42 patients and 32 patients, respectively. However, five of the subpedicular group subjects and eight of the retrodiscal group subjects were excluded halfway through the study. Two subjects in the subpedicular group and four in the retrodiscal group were dropped from the study because they were treated with drugs that could infl uence the eff ectiveness of the epidural block. In addition, three patients in the subpedicular group and four patients in the retrodiscal group were excluded halfway through the study because it became diffi cult for them to visit the hospital.
Degrees of temporary diagnostic pain relief before and after injection and possible complications during injection
Two weeks after treatment, temporary diagnostic pain relief (as assessed on the VAS scale) signifi cantly reduced in both groups, but there was no significant difference between the two groups in the initial pain intensity, postinjection pain intensity, and post-injection changes in pain ( Table 3) . The cases in which the contrast agent spread to the upper and lower nerve roots beyond the L5 nerve root were more frequent in the retrodiscal group, which was only ten patients in the subpedicular group compared to sixteen in the retrodiscal group. One case in the retrodiscal group and ten cases in the subpedicular group presented symptoms of nerve root irritation caused by the injection needle during neurosurgery treatment. Both groups showed no complication of nerve root injury, and the inadvertent injection into the intervertebral disc was detected in two patients, one case www.e-arm.org in each group. The intravascular injection of contrast medium was reported in three cases, all of them in the subpedicular group (Table 4) .
DISCUSSION
The subpedicular approach has been mainly used for transforaminal lumbar epidural blocks. The method of injecting a drug through the safe triangle into the anterior epidural space, as described by Bogduk, 4 allows a steroid or anesthetic preparation to be injected more selectively and effectively around the nerve roots. However, Lee et al. 9 asserted that, when subpedicular technique, the drug often fl owed into the distal portion along the spinal nerve. Furthermore, in cases of severe foraminal stenosis, it was often diffi cult to insert the injection needle. Lew et al. 10 reported that in most cases of lumbar radiculopathy by either herniated disc or foraminal stenosis, the subpedicular approach was not successful for injecting a drug into the epidural space of the intervertebral disc proximal to either the upper part (i.e. the site of the primary lesion) or the proximal part of spinal ganglion. In these cases, it is likely that the retrodiscal approach can be used as an alternative to the subpedicular approach.
Complications of transforaminal epidural blocks include direct nerve root damage by the needle, nerve infarction, and hematoma due to vascular injury. In addition, other possible complications that may result from transforaminal lumbar epidural steroid or anesthetic injections have been reported to account for about 9.6% of all cases. 11 Upon transforaminal injection, cases of intravascular drug injection were reported at 9-26%.
12-15
Derby et al. 16 reported that 0.56 percent of them were cases of intra-arterial drug injection which may trigger severe disorders. To prevent the occurrence of such complications, we should be familiar with the anatomical locations of nerves and blood vessels in the intervertebral foramen.
The Adamkiewicz artery is a psoas artery to which the greatest attention should be paid upon lumbar epidural injections. In 80% of healthy people, when penetrating the spinal canal, the artery enters the intervertebral foramen between left T9 and L1.
However, care should be taken because there are some cases (about 20%) where it enters the intervertebral foramen between L2 and L4. The main trunk of the Adamkiewicz artery enters the medial spinal canal through either the mid or the rostral portion of the foramen. There it passes through the proximal portion of the dorsal root ganglion and the ventral root complex, as previously reported. 17 Therefore, the subpedicular approach is likely to damage blood vessels such as the Adamkiewicz artery or to trigger complications, such as spinal cord infarction resulting from the intravascular injection of particulate steroids, because the injection needle is placed in the anterior superolateral aspect of the intervertebral foramen. In contrast, the retrodiscal approach is likely to show less risk of such complications because the needle is placed in the appropriate position under the mid portion of the intervertebral foramen. With regard to the inadvertent intravascular injection of contrast medium, the present study found three cases in the subpedicular group and no case in the retrodiscal group. Radicular pain may sometimes become more severe following a transforaminal epidural block. On average, the incidence of this condition was reported as 4%. 18, 19 Such a complication was expected to occur as the needle was advanced or the drug was injected into the narrowed spinal canal, due to a herniated disc, spinal stenosis or epidural fibrosis. 11 In this study, its incidence was ten www.e-arm.org cases (27%) in the subpedicular group and one case (0.04%) in the retrodiscal group, showing a statistically significant difference between the two groups (p<0.05). The subpedicular injection approach gave a feeling of discomfort as a the drug stimulated the nerve roots when injected in a large dose through the stenosis region. However, the retrodiscal injection approach is less likely to cause irritation because the drug is injected at the posterior aspect of the intervertebral disc, or at the fi rst portion of the spinal canal. Thus, it enters the target nerve root slowly, instead of going right into the stenosis region.
The retrodiscal approach has a high risk of injecting a contrast agent into the intervertebral disc because the drug is injected in the proximity of the intervertebral disc. For the prevention of this risk, a Tuohy needle with a slightly curved tip is considered to be safer. In addition, the position of the needle should be carefully monitored with a fl uoroscopic device. In the event of drug injection into the intervertebral disc, the use of an antibiotic for prevention of complications, such as discitis, should be considered. 20 In this study, the injection of contrast medium into the intervertebral disc was found in two cases, one in each studied group. Both patients did not show discitis or any other complications resulting from the injection event.
After treatment, the degree of temporary diagnostic pain relief (VAS) was significantly reduced in both groups, and there was no signifi cant diff erence between the two groups in the initial pain intensity, post-injection pain intensity and post-injection changes in pain. The L5-S1 retrodiscal approach is designed to inject a drug into the anterior epidural space of the L5 and the proximal portion of the S1 nerve root, and the administered contrast medium reaches all regions, including the proximal portion of the S1 nerve root, the distal portion of the L5 nerve root, and the anterior epidural space. In a study that observed the patterns of contrast spread upon application of the retrodiscal approach, it was found that when the contrast medium was injected into the L5-S1 intervertebral disc, it reached the L5 nerve root in 60.6%, the L5 and S1 nerve roots in 30.3%, and the S1 nerve root in 9.1% (3 cases) of the cases. Consequently, there was a statistically signifi cant diff erence between the retrodiscal approach and the subpedicular approach in the number of cases where a drug was injected into the target nerve root and the proximal portion of the S1 nerve root. 21 This showed that the administered drug was effective in the spinal ganglion, as well as the L5 nerve root. Therefore the retrodiscal approach was not thought to show a diff erence in the degree of temporary diagnostic pain relief, compared to the subpedicular injections (Fig. 5) . Th e two approaches were compared in terms of the degree of temporary diagnostic pain relief for two weeks. Future studies are needed to compare treatment effects for at least three months. This study compared the patterns of contrast injection and the possible complications that may occur during injection. However, we did not compare the long-term treatment effects or functional effects of the retrodiscal and subpedicular approaches, and future studies are needed to address these eff ects.
Fig. 5.
Posteroanterior spot radiography shows contrast material has spread to L5-S1 disc through the epidural space. Th e AP view (A) and the lateral view (B).
CONCLUSION
When using the L5-sacrum retrodiscal injection approach, epidural blocks can reduce the risk of nerve root irritation during treatment. However, with regard to short-term treatment effects, this procedure shows no difference compared to the subpedicular approach. The retrodiscal injection can be an alternative to the subpedicular approach in specific cases, such as an intervertebral disc sequestrum is incarcerated into the intervertebral foramen or a severe foraminal stenosis.
